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Abstract : The diclcctnc behaviour of para-methyl acetophenone (PMA), pyridine and their binary mixture as liquid dielectric samples have been 
studied at microwave frequency 8.93 GHz. in dilute solutions of benzene at temperature 303. 313, 323 and 333K The various dielectric parameters 
have been evaluated by the observed data for the system and the results have been interpreted on the basis of H- bonding and inductive effect due to the 
presence ot methyl group and compared with the results of acetophenone The thermodynamical parameters indicate that the cooperative orientation 
oi the pure molecules changes into non-cooperative orientation in 1 1 mixture composition Comparative study of free energy of activation for the 
dielectric relaxation and viscous flow suggests the presence of solute-solvent interactions.
Keywords Dielectric parameters, inductive effect, cooperative and non-cooperative orientation
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The dielectric studies have been widely utilized by several 
workers f 1-8J to investigate the molecular structure of various 
systems. The relaxation times and dipole moment gives valuable 
information about the molecular motions. Study o f dielectric 
behaviour o f mixtures o f polar molecules under varying 
conditions o f compositions and temperatures has evoked 
considerable interest. Recently, the authors studied [11 some 
rigid polar molecules and their mixture and found formation of 
complexes. Singh and Shaima [8] have studied the binary mixture 
of PMA and dimethyl sulphoxide in dilute solutions in benzene, 
at different temperatures and found solute-solute/ solvent 
interactions.
Khanna and Bhatnagar [9] studied the dielectric relaxation 
nf acetophenone and benzophenone at different temperatures 
in non-polar solvent, Ganbahadur e i a l .  [7] reported the dielectric 
iTicasurement data fo r some acetophenone derivatives at 
microwave frequency 10 GHz. in non-polar solvents, Baliah and 
^parajiihan [10] reported the dipole moment o f PMA in benzene 
solution at 30®C. In general, there appears to be lim ited 
miormation for PMA concerning the effect o f temperature,
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concentration and its binary mixture with amines in non-polar 
solvent.
The existing literature shows that elaborate work has been 
done for pyridine and PMA. But, no work has been reported so 
far for their binary mixtures. It is hoped that dielectric relaxation 
studies of the mixture o f pyridine and PMA w ill be helpful in 
better understanding the dependence o f relaxation behaviour 
on the composition and temperature of the mixtures.
The dielectric constant €q, e«. and dielectric loss e'" o f
pyridine, PMA and their mixtures have been plotted against 
their weight fraction in benzene at four temperatures 303, 313, 
323 and 333K. The slopes o f these plots are cto* a "
respectively reported in Table 1. It is clear from Table 1 that the 
variation o f a'and a "  values o f individual components and their 
binary mixture compositions have same trend and order o f 
change with temperature is also the same. This supports our 
expectations that internal fields of the mixtures are not different 
from those of pure components in benzene solution.
The values of most probable relaxation time Tq . the relaxation 
time T (l) and t (2) the molecular dipole moment ( ^ )  and the
©20031ACS
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Dible 1. Values of «(), a', a'* and of single components as well as their 
mixtures m benzene solutions at different temperatures
Substances 
Pyridine [I]
Temp. (K) %
'ftible 2. Values of relaxation times frO), t(2) and Tol/ps, distribution 
parameter ( a ) . dipole moment fiD  of Pyridine + PMA mixture in dilute 
solutions of benzene at different temperatures.
Pyridine 75%
-I-
Paramclhyl 
acetophenone 25%
Pyridine 50%
Para methyl 
acetophenone 50%
Pyridine 25%
+
Para methyl 
Acetophenone 75%
Para methyl 
Acetophenone
303
313
323
333
303
313
323
333
303
313
323
333
303
313
323
333
303
313
323
333
6 79
6.45
6 I 1 
5 82 
6.38  
6.09
5.80  
5 42
6.45  
6.04
5 63
5 29
7 28
6 67
6 21
5 78
7 90
7 31
6 78 
6 21
6 27 
6.04  
5.79  
5.55 
5.40  
5.30
5.20
4 98
5.21
5 08
4.95  
4.82  
5.16  
4 97
4 87 
4.76
5 13
5.03
4.95  
4.75
1 66 
1.47 
1.26 
1 13 
I 98 
1.74
1 54
1 35
2 17 
1 90
1 63 
1 36 
2.90  
2.56
2.24
1 94
3 61
3 25
2 89 
2.53
0 48 
0.45 
0 44 
0 42 
0.34  
0 29
0 26 
0 18 
0.54  
0 42
0.37
0.37
0.35
0 32 
0 27 
0 16
0 16 
0.16  
0 15
distribution parameter (a ) are reported in Table 2. Tq, r ( l )  and 
t(2) values o f PMA are almost same at each temperature. This 
shows that a single relaxation process exists in PMA molecule. 
Similar results were obtained for pyridine molecule [1], which 
shows that no intra-molecular relaxation process exists in 
pyridine and PMA molecule, because the presence o f this 
relaxation process might have caused significant difference 
between r ( l )  and r(2 ) values. The values o f relaxation times 
reported by Singh and Sharma 18] for PMA at temperatures 30, 
40,50 and 60®C are 13.0,11.5,10.8 and 9.8 respectively, obtained 
by the method o f Gopala Krishna [111, which are comparable 
with the observed values o f the authors.
It is also clear from the table that there is a significant 
difference between r ( l )  and r(2 ) values o f pyridine + PMA  
mixtures, which shows that intra molecular relaxation process 
exists in addition to the overall molecular relaxation process. 
The values o f a  for the three mixtures composition are slightly 
higher than the values for the individual components, suggesting 
that there may be more than one relaxation process in pyridine + 
PMA mixtures. The value o f relaxation time o f mixture increases 
with the increase o f concentration o f PMA in the mixture, this 
may be due to the fact that relaxation time o f PMA is higher fhan 
the relaxation time o f pyridine. A  plot o f relaxation time (Tq) o f
Substances Temp. (K) T(l) T(2) 0^
Pyridine fl] 303 5.1 5.5 5.0 2.24 0 .0 1
313 4.7 5.1 4.6 2 24 0,01
323 4 2 4.6 4.2 2.24 0.01
333 3.9 4 2 3 9 2.24 0 01
Pyridine 75% 303 7 0 8.8 6 9 2 75 0 06
■I- 313 6 2 8 1 6 0 2 77 0 Of,
Paramclhyl 
acetophenone 25% 323 5.6 6.9 5 4 2.78 0 05
333 5.0 5 8 4 9 2.78 0 03
Pyridine 50%^ 303 8 3 10.2 8 3 2.72 0 Of,
+ 313 7.3 9 0 7.2 2 73 to 05
Para methyl 
acetophenone 50% 323 6.3 7 4 6.2 2.71
1
k^ .04
333 5.4 6.2 5 2 2.71 d o  3
Pyridine 25% 303 10 8 13 0 I I I 2.94 0 06
-K 313 9 9 1 1 8 10 1 2.89 0 05
Para methyl 
Acetophenone 75% 323 8.8 10 7 8 8 2 87 0 05
333 7 7 9.4 7 7 2,85 0 05
Para methyl 303 12 9 13 7 13 1 3 12 0 02
Acetophenone
313 11.9 12 5 12 0 3.08 0 02
323 10.8 11.3 10 8 3 04 0 01
333 9 8 10 3 9 8 2 99 0.01
mixtures against the concentration of PMA in mixture at different 
temperatures are shown in Figure 1. The slope o f the curve i s  
slightly deviated from linearity near equal mole fraction which 
may be due to the interaction between the two constituent 
molecules.
15.00-
3.00- I
0.00 0.25 0.50 0.75 1 00
Concentration of PMA in mixture
Figure 1. Variation of relaxation time as a function of concentration ot 
PMA in mixtures.
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The values o f dipole moment ( ^ )  o f pyridine, PMA and 
(heir mixtures in benzene at different temperatilres have been 
calculated using the method by Koga e t a !  [12], which are given 
in Table 2. It shows that ^  values of the mixture lie between the 
values o f its constituents, at each temperature. The M values 
of PM A are comparable well with the observed values obtained 
by Singh and Sharma [8] at temperatures 30,40,50 and 60°C are 
3.06,3.07,3.08 and 3.08 respectively, by Gopala Krishna's method 
[11] and 3.19 by Baliah and Aparajiihan [ 10| at 30®C.
Figure 2 shows the plot o f tan S  concentration o f PMA  
in the mixture at different temperatures. It is seen form the figure 
that the absorption in the mixture is greater than that in pure 
liquids, maxima in the tan S  curve occurring at 0.50 concentration 
of PMA in the mixture. It may be explained by using the Debye's 
equation [13] for tan 5 for a dilute solution o f a polar liquid in a 
non-polar solvent :
tanS = 47rxyV/i  ^ ___an
2 1 K T  (i + r o V ) '
401500
2. Variation of tan 6 in benzene as a funcuon of concentration of 
i'MA in mixtures.
This equation suggests that the absorption w ill increase, if  
the dipole moment / i and relaxation time t increase. Applying 
Oebye's equation to our case, the formation o f the complex will 
increase the d ie lectric absorption due to the fo llow ing  
consideration. In the complex, the dipole moment can be taken 
a*' (//, Mi M2 being the dipole moments o f the
constituent molecules. For n molecules o f each liquid forming 
the complex, the absorption would be proportional to
+M 2 ) for pure liquids, assuming no interaction. On the 
father hand in the mixture, the absorption would be proportional 
to the greater term • Regarding the role o f t , it is
reasonable to assume that at microwave frequencies, (o t  <  1
and therefore the term mr / (1 + ) w ill not affect the tan S
values to a great extent.
The relaxation time values of PMA are higher as compared 
to acetophenone [IJ values obtained by the authors earlier at 
temperatures 30, 40, 50 and bOT, they are 7.8,7.2,6.7 and 6.0 
respectively. This may be due to the fact that inductive effect o f 
methyl group on PMA is positive, so it increases the electron 
density on aromatic ring. The increase in r  values may also be 
explained, as there may be a smaller energy barrier to rotation in 
acetophenone. Placing methyl group in the p- position may then 
increase the energy barrier to rotation of acetyl group, giving 
rise to a largerr for the PMA molecule.
The various thermcxiynamical parameters i.e. the molar free 
energy of activation the molar enthalpy of activation
and the molar entropy o f activation { A S ^ )  for the 
dielectric relaxation process can be obtained by using the rate 
process equation [14]. These thermodynamical parameters arc 
given in Table 3. In the case of mixture, the A  values increase 
with temperature in a fashion similar to that in case of pure 
component. This means that the mixture behaves like a single 
system. Therefore, with the rise of temperature, which results in 
the fall of the viscosity o f the surrounding medium and rise in 
the thermal energy, the molecules of the system as a whole, 
require more energy to come to the activated state. It is evident 
Irom Table 3 that the molar free energy of activation for viscous 
flow A Ff  ^IS greater than A  F^ . This is in agreement with the fact 
that the process o f viscous flow involves greater interference 
by neighbours than does dielectric relaxation, as the latter takes 
place by rotation only whereas the viscous flow involves both 
the rotational translational forms of motion. The ratio of the 
energies A F ^ I  A F ^  is less than one, which suggests that the 
moving units participating in the two processes are identical 
and that the activation takes place in same degree of freedom 
because the same bonds have to be broken before either motion 
is possible. Similar results were obtained by other workers [ 15, 
161.
The values o f A S ^  for relaxation process present an 
interesting case. The A S ^  values for the pure component and 
their mixtures are negative except 1:1 composition of the mixture. 
The negative value o f A S ^  suggests that the existence o f 
cooperative orientation in the single component system and 
their mixtures but become non-cooperative in 1:1 composition, 
resulting into an activated state, which is more disordered than 
the normal state. It is also clear from Table 3 that the A  values 
are highest for the mixture composition having nearly equal 
moles o f the two components. This again indicates that for this 
particular concentration ratio o f the mixture, the interaction 
between the molecules o f two components and their interaction 
with solvent are enhanced. This also indicates that presence o f 
PMA molecule with pyridine molecules in benzene resulting 
in the reduction o f steric force [17] and the presence o f 
H-bonding.
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Substances Temp.
(K)
To
(ps)
A F , A I U x  = A F ^ I A F ^
Kcal/ Kcal/ cal/molc/ Kcal/
mole mole deg mole
Pyridine [1] 303 5 0 2 08 1.14 -3 10 2.91 0.71
313 4 6 2 12 -3 11 2 93 0.72
323 4.2 2 14 -.3.07 2.95 0.73
333 3 9 2 18 -3 11 2 98 0.73
Pyridine 75% 303 6.9 2 27 1.62 -2.12 2 91 0 78
+ 313 6 0 2 28 -2 10 2 93 0.78
Para methyl 
acetophenone 25% 323 5 4 2.30 -2.10 2 95 0.78
333 4 9 2 33 -2.12 2 98 0 78
Pyridine 50% 303 8.3 2 38 2 42 0.1 1 2 91 0 82
-f 313 7 2 2 39 0 08 2 93 0 82
Para methyl 
acetophenone 5 0 % 323 6.2 2 40 0.06 2 95 0 81
333 5 2 2 38 0 12 2.98 0 80
Pyridine 25% 303 11 1 2 56 1 87 -2 26 2.91 0.88
-f 313 10.1 2 60 -2 32 2 93 0 89
Para methyl 
Acetophenone 75% 323 8.8 2 62 -2 31 2 95 0 89
3 3 3 7.7 2 (j3 -2.26 2.98 0 88
Para methyl 
Acelophcnone
303 13 1 2.66 1 31 -4 43 2 91 0.91
313 12 0 2.71 -4.46 2 93 0 92
323 10.8 2 75 -4.44 2 95 0 93
333 9 8 2 79 -4.44 2.98 0 93
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